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"L 'étude de l'urine est, on peut le dire, le triomphe du microsco-
scope" ("The study of urine is, I may say, the triumph of the
microscope"). Alfred Donné: Cours de Microscopie, 1844.
This paper is the final development of our two previous studies
on this subject [1, 2], and describes the most important contribu-
tions to the advancement and introduction into clinical practice of
urinary microscopy through three and a half centuries. It is based
on the review of primary historical material, on biographical notes
obtained from two major dictionaries of scientific biography [3, 4]
or from other sources when available, and on the study of the
evolution of microscopy itself. In addition, it describes the impact
that the introduction and advances in urine microscopy had on
medical teaching and practice in the 19th century.
The 17th century
Occasional and elementary microscopical observations of urine
can be traced to the first half of the seventeenth century, that is,
only few decades after microscopes started to circulate in Europe.
At that time, microscopes were rudimentary one lens or com-
pound instruments used by a restricted group of scholars with
wide scientific interests, who saw in it a new and unique tool to
investigate nature [5].
The earliest microscopical observation of urine was probably
carried out by Nicolaus Fabricius de Peiresc (1580—1637) [6], a
Provençal scholar who, according to his biographer Pierre Gas-
sendi [7], made his observation in 1630 to study the nature of the
matter which forms urinary stones. Choosing for his study a
sample of "sandy urine," Dc Peiresc found that it contained a
"heap of rhomboical bricks," the irregular shape of which, in the
investigator's opinion, could explain the pain caused by their
passage along the urinary system.
Few other individuals looked at the urine in that period and
they too described only crystals, perhaps because of their striking
appearance or because of the optical limitations of the micro-
scopes. Besides the Dutchman Antoni Van Leeuwenhoek (1632—
1723) and the Danish physician Georg Hann (1647—1699), who
respectively described crystals in Arcana Naturae (letter 61) [8],
and the German journal Miscellanea Curiosa [9], the best descrip-
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tion was provided by the Englishman Robert Hooke (1635—1703)
in his Micrographia. This book, published in 1665, contains the
results of 57 observations performed with a compound micro-
scope equipped with three lenses on animals, vegetables and
minerals. Crystals, also shown in a fine plate (Fig. 1), were
described as follows [10]:
these [the crystals], through the Microscope, appear to be a
company of small bodies, partly transparent, and partly opacous,
some White, some Yellow, some Red, others of more brown and
duskie colors. The Figure of them is for the most part fiat, in the
manner of Slats, or such like plated Stones that is, each of them to
be made of several others thinner Plates, much like Muscovie Glass
or English Spar,', to the last of which, the white plated Gravel seems
most likely; for they seem not onely plated like that, but theirs sides
shap 'd also into Rhombs, Rhomboeids, and sometimes into rectan-
gles and Squares."
Urinary findings were not mentioned, however, by other great
microscopists of the period, such as Henry Power (1623—1668),
Marcello Malpighi (1628—1694), Jan Swammerdam (1637—1680),
nor was the use of a microscope quoted by Lorenzo Bellini
(1643—1704) in his important treatise "De Urinis et Pulsibus",
published in 1683 [11]. This omission by a physician of great
culture, who twenty years before skillfully used the microscope to
study the structure of the kidneys [12], clearly indicates that in the
17th century urinary microscopy did not go beyond the boundaries
of occasional curiosity.
The 18th century
This period shows only several examples of urine microscopy
similar to those reported previously. However, it also shows a few
instances of urine microscopy performed to investigate the mech-
anisms and the manifestations of disease.
The Englishman Henry Baker (1698—1774) and the German
Martin Frobenius Ledermuller (1719—1769), both authors of
profusely illustrated books that contributed to the popularization
of the microscope, are examples of the previous epoch. Both
microscoped a wide spectrum of subjects that happened to include
urine, and both described only crystals [13, 14].
The approach of Hermann Boerhaave (1668—1738), the famous
Hippocratic doctor and founder of bedside medicine, was quite
different. He used the microscope to investigate whether or not
the urine of a man in perfect health and with a negative history of
urolithiasis contained the precursors of the urinary stones [15]. To
this purpose, he studied a urine sample at different intervals after
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Fig. 1. Detail of plate VII of Robert Hooke's book, "Micrographia" showing urinaly c,ystals (The Weilcome Institute Libraiy, London).
collection and with different types of microscopes. Corpuscles
similar to little "flocks of wool" were first seen, followed by
"streaks similar to those observed when urine is added to water,"
and then by "extremely minute shining concreted crumbs." After
24 hours' standing, at last, rhombical crystals appeared at the
bottom of the tube. This careful and detailed observation led
Boerhaave to the firm conclusion that normal urine does contain
the precursor of stones ("Nascitur enim calculus ex omni urina
sana").
A clinical approach was attempted also by the distinguished
Italian anatomist Domenico Gusmano Galeazzi (1686—1775).
With the help of a colleague, one Benedetto Donelli, he micro-
scoped the urine of a young lady who developed a disease
characterized by black urine and sweat and black skin (perhaps
due to alcaptonuria). The microscope revealed that the urine
contained "extremely minute globules, mingled with acycular
saline crystals" [161. However, how these findings were inter-
preted and how they may have helped in the management of the
patient are not known.
The first half of the 19th century
This period is the most important in the history of urine
microscopy, since during this period it was first used to investigate
patients systematically. This advance came mainly as the result of
an increased interest and advances in clinical medicine, and in
these, as in microscopy, the "Ecole de Paris" played a crucial role
[17]. Important also was the introduction of the first achromatic
lenses by C.L. Chevalier (1804—1850) and J.J. Lister (1786—1869)
in the second half of the 1820s [181, by which the distortion factor
was reduced from about 19% to 3%, and the fringes of color
around the object under study were removed. This, together with
the fact that compound microscopes became less expensive and
easier to use, led to an explosion of microscopic studies in all
medical fields [19].
It was Pierre Rayer (1793—1 867) and Eugene Napoleon Vigla
(1813—1872), who worked respectively as "Chef de Clinique" and
"Interne" at HOpital de Ia Charité in Paris, who introduced urine
microscopy into everyday clinical practice [20]. Around 1835, after
noticing that the microscope revealed crystals in a urine which
macroscopically was thought to contain only pus, Rayer and Vigla
started an extensive microscopic study on all urine showing some
macroscopic deposits upon standing. They published their first
impressive results in 1837—1838 in the journal L'Expérience in
papers signed only by Vigla [21, 22] (Fig. 2). Subsequent results
were included in various parts of Rayer's famous "Traité des
Maladies des Reins" of 1839—1841 [23].
The contributions of Rayer and Vigla were comprehensive and
of paramount importance. To achieve the best and most accurate
results, they described how to handle the urine sample, how to use
the microscope, and the importance of linking microscopy with
chemical investigations. They described a long list of crystals, and
also squamous and globular cells, mucus, pus, blood, lipids, sperm,
milk (added to urine for fraud) and yeasts. They also mentioned
thin and light lamellae ("des lamelles d'apparence membraneuse,
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Fig. 2. Issue of December 31, 1837 of the French
journal "L'Experience" in which E.N. Vigla
published his first study on urinaly microscopy.
quoique assez minces ), which some authors of the previous
century interpreted as casts 1241. It appears to us, however, that
Vigla and Rayer were not fully aware of these elements nor of
their meaning, for which reason we give credit to others for the
discovery of casts (see below).
Rayer and Vigla also described the urinary findings in normal
subjects and also in acute nephritis ("néphrite albumineuse
aigue"), that is, large numbers of blood corpuscles, mucus glob-
ules, squamous cells, and fibrin threads; in the nephrotic syn-
drome ("néphrite albumineuse chronique") that is, thin Iamellae
of amorphous substance—probably casts—mucus globules, lipid
particles, blood corpuscles, crystals of uric acid, scanty phos-
phates; in acute and chronic pyelonephritis ("pyelite aigue et
chronique"), that is, pus globules, blood corpuscles, cellular
debris, crystals of uric acid or of triple phosphate. In addition, they
for the first time reported that apparently normal urine can
contain erythrocytes or pus cells identifiable only with the micro-
scope, thus introducing the concepts of microscopic hematuria
and pyuria. Finally, they noted also the association between
lipiduria and albuminuria. Notably, all these results were obtained
during a period in which microscopy as a diagnostic tool was at its
infancy and was still considered with much scepticism by many
physicians in Paris [25].
During the same period other contributions were made by
Alfred Donné (1801—1878). He had first introduced medical
microscopy in Paris in 1831, proposed the microscope as a new
approach to investigate body fluids, and later ran courses in the
art of microscopy [251 (see also below, "Urine microscopy in
teaching and practice in the 19th century"). He presented the
results of his investigation on urine at the Societe Philomatique
towards the end of 1837 [26] and in 1838 published his "Tableau
des sediments des urine" [271 as well as a paper in "L' Experience"
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Fig. 3. Detail of plate XXIII of the book of Julius Vogel "Icones histologiae pathologicae" [35] showing urinaiy casts (University Libraty, Pavia).
in which he both disputed the results presented by Vigla in the
same journal, and claimed priority for the introduction of urine
microscopy [281. In 1845 in his Atlas [29] he published for the first
time plates of microscopic elements of body fluids (including
urine) obtained by the new photographic procedures (daguerro-
types). In spite of all these studies, however, the contributions of
Donné from the clinical point of view were not nearly as compre-
hensive and innovative as those of Rayer and Vigla. Other
contributions from the Paris School came from Alfred Becquerel
(1814—1866), who in his book Séméiotique des Urines, published in
1841 [30], described the results of his many investigations on a
large spectrum of disorders. Interestingly, he noticed that in
Bright's disease urinary erythrocytes are "presque toujours irrégu-
hers, déformés, echancrés, en partie détruits" ("almost always
irregular, deformed, hollow, partly destroyed").
In the same period German investigators made important
contributions by describing tubular casts (Fig. 3), which were first
observed whithin the renal tubules by Gabriel Gustav Valentin
(1810—1883) in 1837 [31]. In 1842 Johann Franz Simon (1807—
1843), a chemist who for a period analyzed the urincs in the ward
of doctor Schonlein in the "Charitb Krankenhaus" in Berlin,
described them beautifully in urine [321. His description of casts is
worth a full quotation [33]:
"Tubes composed of an amorphous matter, resembling coagulated
albumen. That these tubes have in most cases an actual capsule and
are cylindrical may be seen by inclining the stage, when they will
rotate in the fluid in which they are floating. In some the capsule
appears to be absent and we can then see an amorphous, finely
granular mass, adhering in a cylindrical form. Some of the tubes are
full, others empty; the former contain a granular matter, darker at
some points than others, and containing cells and vescicles similar to
mucus corpuscles. ... I have satisfied myself beyond a doubt, that
they are derived from the epithelium investing the tubes of Bellini."
About their significance Simon wrote:
"Whether they are present as a consequence of Bright disease, or
whether they occur in other renal affections, must be decided by
further observations: my present experience leads me to believe that
they are contemporaneous with a certain amount of albumen in the
urine, but that blood-corpuscles need not necessarily be present with
them."
Jacob F.G. Henle (1809—1885) also mentioned casts in urine in
a paper of 1842 [34], and his view that they were made of
coagulated fibrin was accepted until the 1870s. Shortly after Julius
Vogel (1814—1880) and Hermann Nasse (1807—1892) closed the
circle started by Valentin by showing that the intratubular and
urinary casts were the same elements [35, 36].
In the United Kingdom, almost certainly as a result of the
studies of Rayer, Vigla and Donné in Paris, urine microscopy
started being recognized as a diagnostic tool in 1839, as it appears
from a footnote in the book of Robert Christison (1797—1 882) On
Granular Degeneration of Kidnies (sic)... [37]. Urine microscopy
was also mentioned in the third edition (1843) of the book by
William Prout (1785—1850) On the Nature and Treatment of
Stomach and Urinary Diseases.... [38], and in Practical Manu-
al. .
. [39] by John William Griffith [1819?—19011 published in
1843.
A major advance, however, came only in 1844 with the publi-
cation of the remarkable hook Urinary Deposits. Their Diagnosis,
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URINARY DEPOSITS,
THEIP.
DIAGNOSIS, PATHOLOGY,
AND
THERAPEUTICAL INDICATIONS.
BY
GOLDING BIRD, A.M. M.D.
ASSISTANT PHYSICIAN TO, AN!) LNCTURER ON MATERJA
MEI)ICA AT, GUY'S HOSPITAL;
LICENTIATE (IF THE ROYAL COLLF.&E OF PHYSICIANS; LATE PRISIDENT OF
TH( YSTr.lINSTIIR N ICAT SOCIEFY FELLOW OP TIlE LINNEAN SOCIETY OF
lONDON; (ORRIISPONIMNO MEI1IFIl OF TIlE PIIILOSOPHXCAL INSTITIJTE OF lSLh,
OF THE I'IIXLIISOPIIICAI, SOCIHTY OF ST. ANDRIIWS, OF THE MEDICAL
SOCIETY OF HAMBUROII, &C. &C.
LONDON:
JOHN OHURCH1LL, PRiNCES STREET, SOHO.
M DCCCXLXV.
Fig. 4. Title page of Golding Bird's book on urina,y deposits (The Welicome
Institute Libra,y, London).
Pathology, and Therapeutical Indications [40] (Fig. 4), written by
the Guy's physician Golding Bird (1814—1854). This hook was the
development of a course of six lectures on urinary pathology held
at Guy's Hospital in 1843 (see below, "Urine microscopy in
teaching and practice in 19th century"), ran to five editions in the
United Kingdom and the United Stares and had great influence
on the development of medical chemistry in England [41]. Most of
the eleven chapters are about crystals, the associated conditions
and their treatment, in which Bird was an expert [42], while only
one chapter is about noncrystalline elements. These included
blood corpuscles, pus and mucus globules, "large and small
organic globules" of uncertain nature, epithelium, milk, fatty
matter, spermatozoa, torulae and vibriones. Casts, defined at page
245 as "a large cylindrical mass of coagulated albumen," were only
incidentally mentioned. This, together with the larger coverage
given to crystals, clearly shows how in 1840s they still had the
greatest importance, while organic particles were still poorly
understood. Although not systematical, the book also contains
several methodological details about the microscope, the glass
slides, the use of polarizing filters and reflected light for the better
identification of crystals, and the handling of urine [21.
Other pioneering contributions were those of Henry Bence
Jones (1813—1873), now famous for his discovery of light chain
proteinuria. He was among the very first to notice casts in urine
and to understand the relationship between casts, Bright's disease
and albuminuria [43]. In addition and more importantly in his
book On Animal Chemistry in its Application to Stomach and Renal
Diseases, published in 1850 [44], he beautifully explained the role
urinary microscopy could have in the work-up of patients with
proteinuria and hematuria (see below, "Urine microscopy in
teaching and practice in the 19th century"). Similarly George
Johnson (1818—1896), who had worked in Richard Bright's team
at Guy's Hospital and in 1846 described lipids in the urine of
patients with fatty degeneration of the kidneys [451, explained how
urine microscopy allowed the differential diagnosis between acute
from chronic nephritis, and pure from combined fatty degenera-
tion of the kidney [46].
The second half of the 19th century
This period was characterized by a tremendous technological
advancement in all scientific fields including medicine. For urine
microscopy, this meant the introduction by the 1890s of apochro-
matic objectives by Ernst Abbe, which further reduced the
chromatic aberrations and increased both microscopical magnifi-
cation and resolution [19], the use of the centrifuge to obtain
pellets for examination, and the application to samples of both
general and specific stains such as Sudan III to identify lipid
particles [47]. Due to all these improvements new urinary ele-
ments were described, while an expanded knowledge of the
pathology led to better clinicopathological correlations and to the
definition of the urinary changes in a wide spectrum of disorders.
Among the new elements, in 1854 Friedrich Theodor Frerichs
(1819—1885), the German author of a monograph on Bright's
disease [48], added to the already long list of urinary crystals
described by C. Robin and F. Verdeil in their Atlas [49] those of
leucine and tyrosine, which he found in the urine of patients with
acute liver atrophy [501. The Englishman Lionel S. Beale (1829—
1906) described in the late 1860s "mucus casts" [51], that is, casts
produced in the absence of albuminuria. To him also was attrib-
uted the discovery of "cholesterine" crystals in the urine of
patients with fatty degeneration of the kidneys [521. Beale was one
of the most skilled microscopists of his period, and his several
books on microscopy, as well as his courses on urinanalysis (see
below, "Urine microscopy in teaching and practice in the 19th
century") and his Tables for the Clinical and Microscopical Exam-
ination of Urine in Health and Disease [53] and the ponderous
Kidney Diseases, Urinary Deposits, and Calculous Disorders, etc.
[54] (Fig. 5) were very influential [55]. The latter book, also
published in North America in 1870, greatly affected the new
medical schools in Pennsylvania, New England and New York,
and influenced even the curriculum design with a growing empha-
sis on laboratory medicine. The German Louis G.F. Thomas
(1838 —1907) described "cylindroids" in 1870 to indicate elongated
elements partly similar to casts [56], the nature of which is still
unclear at present. The Englishman George Harley (1829—1896)
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Fig. 5. Table XVI of "Kidney Diseases, Urinaty
Deposits, etc" [54] by Lionel S. Beale showing
massive lipiduria and cylindruria. This
illustration, as well as all the others of the
book, were drawn by the author himself (The
Wellcome Institute Library, London).
Fig. 6. Abnormal urinaiy e,ythrocytes as observed by George Harley in
patients with Bright disease (The Welicome Institute Library, London).
described in 1872 the peculiar morphology that urinary erythro-
cytes may have in Bright's disease, including what we now know as
acanthocytes ([52], pages 299 to 300) (Fig. 6), an observation
which was confirmed, also through experimental work, by the
German F. Gumprecht in 1894 [57] (Note added in proof). The
Italian Carlo L. Rovida (1844—1877), although he did not discover
new elements, published interesting studies during the 1870s on
the nature of casts [58, 59]. By adding different chemical reagents
to the edge of the coverslip he found that casts were composed of
a unique protein, which was different from any other known at
that time. The unique nature of this protein was not confirmed by
others, however, until seventy years later.
efinitions of patterns of urinary sediments were contained in
t t   tl s s devoted to urinanalysis or urinary deposits.
 t   f t  entury these were published in many different
tri s including Austria [60], Germany [61], France [62],
England [63, 64] and the United States [65, 66]. Table 1 shows
how many urinary profiles had already been defined. For many of
t  the distinguishing features were similar to those presently
. r i stance, in "acute nephritis" the sediment was
fi  s "abundant," and contained many red blood cells, white
l  lls, r l ells, and different types of casts including the
erythrocyte ones. In "chronic nephritis" the sediment contained
ainly granular nd waxy casts. In the "amyloidotic degeneration
f t  i " t  sediment was found to be absent or scanty, and
t i   and pale hyaline casts," which only occasion-
ally ere i t d with waxy casts [61].
The 20th century
In early years the major observations were those of Fritz Munk
(1879—1945), a physician deeply interested in degenerative kidney
diseases, who applied polarized light to identify lipids and de-
scribed the resultant "Maltese Cross" appearance [67].
The 1920s were marked by the important contributions of the
Scottish-American Thomas Addis (1881—1949). By microscoping
the urine of his patients with glomerulonephritis serially over the
years, he observed that an abundant sediment containing large
numbers of erythrocytes, leukocytes, epithelial cells and casts
could become more and more scanty over time (Fig. 7). As Addis
clearly wrote, this indicated the transformation of an active
disease into a chronic process [68]:
". . . it neverthiess remains true that by enumerations ofthe formed
elements of the urine repeated in the same patient from day to day,
from month to month, and from year to year, we may gradually
construct a clear picture of the genesis, the rise and fall and, if
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Table 1. Urinary sediment profiles described by Hermann Rieder in his
"Atlas" published in 1898 [61]
The sediment of normal acid urine
The sediment of the neonatal urine
The urine in the acid fermentation
The urine in the alkaline fermentation
Urine in spermatorrhea
Urine in vaginitis
Cystitis:
Acute cystitis
Chronic cystitis
Tumors of the bladder
Hematuria:
Vescical bleeding
Urethral bleeding
Renal bleeding
Pyelitis
Cystic kidney
Hydronephrosis
Renal abscess
Renal infarct
Renal stasis
Acute nephritis
Chronic nephritis:
Parenchymatous chronic nephritis (inflammatory fat kidney;
desquamative nephritis, large white kidney)
Secondary granular kidney
Chronic hemorrhagic kidney (red kidney)
Primary granular kidney
Amyloidotic degeneration of the kidney
Cancer and sarcoma of the kidney
fibrosis advances, the terminal diminution in the activity of the renal
lesion;
To quantitate cells and casts excreted with the urine Addis
introduced a method based on the collection of timed urine and
on the use of counting chambers, which became known as the
"Addis count" and is still performed in many laboratories even
today. The results obtained with this method led Addis to classify
Bright's disease into three types, that is, hemorrhagic, degenera-
tive, and arteriosclerotic, which closely resembled the classifica-
tion of the pathologists Voihard and Fahr [69]. Addis also
described broad "renal failure casts" [701, which allowed the
diagnosis of renal failure in a period in which serologic and blood
chemical tests were not as available as they are today.
In the early 1950s a supravital stain was described by Sternhei-
mer and Malbin, which they considered to be specific for leukoy-
tuna caused by pyelonephritis [71]. Although this finding was not
confirmed by others [72], this stain continued to be used quite
generally for some years. Later, Wright's stain was suggested as a
useful tool to identify urinary eosinophils and to diagnose acute
interstitial ncphritis caused by antibiotics [73], but the finding of
eosinophils in other diseases by the more sensitive Hansel's stain
has recently challenged this view [74].
In 1960s new microscopic techniques started to be applied for
the study of the urinary sediment. McOueen, using immunofluo-
rescent-labeled antibodies, provided the final evidence to previous
in vitro studies [75] that Tamm-Horsfall glycoprotein is the matrix
of casts [76] (Fig. 8). Using the same technique, Rutecki, Gold-
smith and Schreiner [771 demonstrated that the granules con-
tained in the casts of patients with proteinuria were due to
ultrafiltered proteins rather than to granular degeneration of cells,
as had been thought until then. This lead to a new explanation of
Vol. in cc. in which sedtment was miCU
No. counted X — X
Vol. in c.c. in which count was made
Vol. of urine in c,c. per 12 hours
— = No. in 12 hours' urine.
10
The amount of protein is determined on the super-
atant f1ud obtained after centrifugalizig the urine.
We use a method developed in this laboratory by Shevky
and Stafford, which is applicable even when the con-
centration of protein is low. The results are expressed
as rng. for each twelve hours.
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the mechanisms involved in the formation of complex casts. Phase
contrast microscopy, discovered in early 1950s [78] and now
considered to be the state of the art for urine microscopy, was
proposed for the study of urine in 1968 by the Chicago group of
Robert Kark [79]. Interference contrast microscope was also
suggested [80], but with little impact on the clinical practice.
Transmission electron microscopy was applied to urine in early
1970s to identify amyloid fibrils in patients with renal amyloidosis
[81], and subsequently in acute tubular necrosis [82], and scanning
electron microscopy was used some years later to study the
ultrastructure of casts [831. Both electron microscopy techniques
are still in use at present, but only in specialized fields of research
such as the study of crystalluria.
The 1980s started with the rediscovery by K.F. Fairley and his
colleagues that the simple evaluation of the morphology of
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Fig. 7. "Chart 2" from Addis paper "A clinical classification of Bright's
disease" [68]. At the top of the page the formula used by Addis to calculate
the number of elements excreted in 12 hours' urine.
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Urinary cast treated with fluorescein-isothiocyanate-labelled anti-
serum to T.H. mucoprotein, photographed under ultraviolet light. Fig. 8. Figure from McQueenpaperf76J.
urinary erythrocytes could help distinguish glomerular from non-
glomerular hematuria [84]. Their description was very influential
and stimulated a number of further studies [85], including those
based on the evaluation of urinary erythrocytes by Coulter
counters [861 and the coating by Tamm-Horfall protein [87].
Moreover, it provoked a renewed interest in urine microscopy all
over the world. Some years later monoclonal antibodies also were
applied to the urinary sediment to identify the phenotype of
excreted cells [881. Although this technique may be useful in
identifying different cell profiles in different renal diseases, it has
not been widely exploited.
The present era is also characterized by the appearance of
machines based on software for the automated analysis of the
urine sediments such as Yellow Iris [89] and its developments, or
others based on flux cytometry. These machines aim to provide
high standardization and reproducibility, as well as the scanning of
a high number of elements and samples in a short duration.
However, only subsequent years will tell us what their place in
both research and routine work may be.
Urine microscopy in teaching and practice in the 19th century
There is evidence that urine microscopy was first taught sys-
tematically in Paris in 1837, as part of a course on microscopy of
the body fluids, privately conducted by Alfred Donné, who was a
convinced supporter of the microscope as a new and unique tool
for clinical investigation [25]. Of the sixteen lectures that com-
posed the entire course, two and a half were devoted to urine, the
section on deposits representing the main part [90]. The aim of
the course was to offer the students microscopical demonstrations
that were not yet available in the medical faculty. In the first years
the demonstrations were carried out by a solar microscope, by
which the image of the object was projected on a wall. Subse-
quently, however, this was replaced by twenty compound micro-
scopes, each with a different object on the stage, placed on tables
in front of which the students circulated. The courses were very
successful and influential. In fact, they were attended by "one
hundred or one hundred and forty students" each time ([90], page
9), and had already been run for seven consecutive years when
Donné published their content in 1844 [90]. For urine, this
included both crystals (of uric acid, ammonium urate, calcium
oxalatc, and phosphate-ammoniurn-magnesium) and organized
susbstances (mucus, pus, blood, sperme, fatty matter, and milk).
In the same period similar courses were held in Paris by other
outstanding microscopists such as Hermann Lebert, David Grul)y
and Louis Mandi, some of whom also included urine in their
curricula [91]. Notably, the "Faculté de Medicine" made its
facilities available for some such courses, which also became an
integral part of medical studies and complemented the regular
medical curriculum [25].
In the United Kingdom, a private course similar to those run in
Paris was held in 1845 by John Hughes Bennett (1812—1875), who
had been a pupil of Alfred Donné and was among the first to
understand the importance of the microscope in the clinical
investigation of disease. Urine was clearly mentioned in his
"Introductory address to a course of lectures on histology, and the
use of the microscope" [92]. Also in London, some medical
schools were able to offer courses in microscopy, some of which
were even entirely devoted to urine. This was the case at Guy's
Hospital, where in 1843 Golding Bird held a course consisting of
six lectures and practical demonstrations on urine microscopy [93]
and at King's College Hospital, where in 1853—1854 Lionel S.
Beale flanked his course on pathological chemistry with a subsid-
iary course of seven "practical demonstrations of the chemical and
microscopical character of the urine" [94]. Moreover, at St
George's Hospital Henry Bence Jones instructed his students in
the art of urine microscopy at the end of his course on animal
chemistry in 1849 [44]. However, from the prospectuses of St
George's Hospital (years 1857—1918) it also appears that urine
microscopy started being taught on a regular basis only in
1876—1877, in the course of "Principle and Practice of Physic"
[95]. Similarly, at Guy's Hospital "the principal urinary deposits"
were taught in the course of "Morbid Histology" in 1877—1878
[96], and subsequently in the course of "Practical Medicine."
Thus, one can reasonably conclude that the teaching of urine
microscopy in England was still limited in 1840s to 1850s, and that
only in the 1870s was it regularly included in the medical curricula.
Little is known about North America, where microscopy was
first introduced in universities during the 1840s [91. However,
practical demonstrations on urinary deposits in classes at the New
York Medical College were already held by R. Ogden Doremus in
1855 [98]. A course on microscopy and urinary chemistry was also
conducted in the Philadelphia Hospital in 1870—1871 by the
influential physician James Tyson (1841—1919) [991, who later
published a book, which ran to several editions, based on his
lectures [65].
What about the role of urinary microscopy in diagnosis and
management of patients? It is likely that it began to he used as
soon as a urinary profile was identified, which already happened
with Rayer and Vigla in 1830s. However, no better words than
those addressed by Henry Bence Jones to his students can
illustrate the pivotal role that urine microscopy was thought to
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have in the differential diagnosis of the diseases of the urinary
tract already at the end of the 1840s ([44], pages 105 and 106):
"If it [the fibrin] be moulded into the urinary ducts of the kidney,
and if albumen is also present, with or without blood -globules, you
may be quite certain that there must be congestion of the cortical
structure of the kidney, and most probably the disease is Bright's
disease, or the result of scarlet fever."
"If blood-globules are found, and no fibrinous casts, it is most
probable that the congestion is not in the secreting structure of the
kidney, and if crystals of uric acid or oxalate of lime are seen, then
probably some calculus is causing abrasion of the vessels of the
mucus membrane. Whether the calcolus is in the pelvis of the kidney,
the ureter, the bladder, or prostate, must be determined by the general
symptoms."
"If pus-globules are found with albumen, you may be certain that
suppurative inflammation is going on; if at the same time, fibrinoud
moulds [casts] are seen, the probably Bright's disease and inflam-
mation of the kidney coexist. .
Was this knowledge diffuse or restricted to specialists? An
analysis of some European and American textbooks of general
medicine shows that urine microscopy began to be mentioned
only in the 1840s [100] and often only marginally, as was the case
for instance with the second edition of the textbook of George
Wood published in Philadelphia in 1849 [101]. It was not until the
late 1850s that urine microscopy appeared fully quoted [102], or
its role in both diagnosis and management of the patient became
recognized [103]. Thus, it is likely that the vast majority of general
practitioners started using the information provided by urine
microscopy at the bedside some twenty years or more after the
publication of the pioneering papers of Vigla, Rayer and Donné.
Some family practitioners may even have scanned the urine
themselves, as may have been the case with James Miles Langstaff,
a rural doctor who worked in the area of Richmond Hill (Ontario)
from 1849—1889 [104]. In November 1879, twenty years after the
first publication by Canadian journals of articles on clinical
microscopy [105], Langstaff purchased a microscope which he
probably "used in physical diagnosis, especially urinalysis" ([1051,
page 66). However, whether this reflected a common practice
rather than the fact that Langstaff had worked as clinical clerk for
Golding Bird in the period he spent at Guy's Hospital in
1846—1848 is not known.
By 1900 urine microscopy, together with heating the urine and
in some instances chemical testing, was almost always part of the
assessment of any new patient, especially those with renal disease.
Some years later, the teaching of Addis and the lack of in vivo
histology of the kidney meant that urine was viewed as central in
the evaluation of renal patients. As Addis put it [106]:
"When the patient dies the kidney may go to the pathologist, but
while he lives the urine is ours. It can provide us day by day, month
by month, and year by year with a serial story of the major events
going on within the kidney. The examination of the urine is the most
essential part of the physical examination of any patient with Bright's
disease."
Ironically, in recent years the introduction of stix tests to detect
hemoglobin and the growth of laboratory medicine have led to a
progressive neglect of clinical urine microscopy. In the present era
the microscope is almost never present in general family practice,
and in few general medical services in hospital. In many instances,
urine badly prepared and often too old to be of use, is micro-
scoped in distant laboratories by those not concerned with patient
care. By asserting that in the present era only in renal units is
urine microscopy properly used for the management of patients,
we describe a sad but realistic situation.
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